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CHAPTER I 
INTRODUCTION 
~ e e s '  has s t a t e d  t h a t  one of  t h e  promising new 
f i e l d s  i n  t h e  d i agnos i s  of Entameba h i s t o l y t i c a  i n f e c t i o n s  
is that of  xenodiagnosla.  A t  p r e s e n t ,  t h e  most p r a c t i c a l  
means of de te rmin ing  t h e  presence of a n  Entameba h i s t o l y t i c a  
i n f e c t i o n  i s  t h a t  of i d e n t i f i c a t i o n  of t h e  organism from a 
f e c a l  specimen by a competent t echn ic i an .  Th i s  method, how- 
e v e r ,  l s  not  complete ly  r e l i a b l e .  Attempts a t  d i agnos i s  by 
means of immunological and c u l t u r a l  methods have thus  f a r  
proven t o  be imprac t i ca l .  It appears  a t  t h i s  time t h a t  t h e r e  
i s  no comple te ly  a c c u r a t e  means of determining the  presence 
of t h e  i n f e c t i o n .  However, if an  animal could  be found i n  
which a  one hundred per  cen t  i n f e c t i o n  could  be c o n s i s t e n t l y  
e s t a b l i s h e d  then  a dependable method of d iagnos i s  w i l l  have 
been found. 
Using the  technique of i n t r a c e c a l  i nocu la t ion ,  t h i s  
i n v e s t i g a t i o n  was under taken t o  e s t a b l i s h  an exper imental  
i n f e c t i o n  i n  t h e  a l b i n o  mouse with Entameba h i s t o l y t i c a ,  
NIH 200 R s t r a i n .  S p e c i a l  emphasis has been p laced  upon t h e  
percen tage  of mice i n f e c t e d  and t h e  t i s s u e  damage produced i n  
t h e  small and large i n t e s t i n e  of t he  mouse by t h e  amebae, 
- 
'C . W. Rees, Problems i n  Arnoebiasis ( ~ p r i n g f  i e l d ,  
I l l i n o i s :  Thomas, 1-
HISTORY 
Experimental  work for t h e  r e l i a b l e  d i agnos i s  of 
Entameba h i s t o l y t i c a  i n f e c t i o n  has been d i r e c t e d  towards 
f o u r  b a s i c  f r o n t s .  One p a t h  is t h a t  of i d e n t i f i c a t i o n  o f  
t h e  amebae by examination of a f e c a l  specimen by a  competent 
t e c h n i c i a n .  Another c o n s i s t s  of a t t empt s  t o  grow organisms 
i n  c u l t u r e  from a f e c a l  specimen. A t h i r d  is  an  a t t empt  t o  
demonstra te  a n t i b o d i e s  p r e s e n t  i n  the  serum of t h e  h o s t  
which i s  i n f e c t e d  with Entameba h i s t o l y t i c a ;  and f i n a l l y ,  
t h e  use of animal i n o c u l a t i o n  has been a t tempted,  
Examination of a  f e c a l  specimen by a competent t ech-  
n i c i a n  i s  t h e  e s t a b l i s h e d  and, a t  p r e sen t ,  t h e  most r e l i a b l e  
method f o r  demonstra t ing Entameba h i s t o l y t i c a .  T h i s  method, 
however, is not  complete ly  r e l i a b l e  and has some disadvan- 
t a g e s .  The method is t ime consuming and r e q u i r e s  a  h igh ly  
t r a i n e d  t e c h n i c i a n .  Moreover, t h e  a b i l i t y  o f  t e c h n i c i a n s  t o  
i d e n t i f y  t h e  organism v a r i e s  g r e a t l y  from one i n d i v i d u a l  t o  
a n o t h e r ,  
There have been many a t tempts  t o  c u l t u r e  Entameba 
h i s t o l y t i c a  from f e c a l  specimens ; b u t ,  u n t i l  r e c e n t l y ,  t h e  
r e l i a b i l i t y  of t h i s  method was not  g r e a t  because of t h e  r i c h  
growth of organisms from t h e  i n t e s t i n a l  f l o r a  of the  host .  
~ ~ l e a '  i n a n  ep idemiologica l  s t u d y  i n  t h e  Memphis, Tennessee 
a r e a  was a b l e  t o  grow Entameba h i s t o l y t i c a  i n  c u l t u r e  from 
i n f e c t e d  dogs when microscopic s t o o l  examination gave nega- 
t i v e  r e s u l t s .  A commercially a v a i l a b l e  medium c o n s i s t i n g  of 
a n  e x t r a c t  of egg yolk en r i ched  with l i v e r  e x t r a c t  and r i c e  
2 powder has  been developed by Balamuth and Sandza . Nelson 3 
has prepared  an  a l c o h o l i c  e x t r a c t  medium which was found t o  
be p r a c t i c a l  and e f f e c t i v e  as a medium f o r  d iagnos is  f o r  
amebias i s  and compared it wi th  Bacto Endameba medium (Difco  
Labora to r i e s ) .  The former has  t h e  disadvantage t h a t  
commensal ameba may be c u l t u r e d ;  whereas i n  t h e  l a t t e r ,  t h e  
medium i s  s p e c i f i c  f o r  Entameba h i s t o l y t i c a .  The Cleveland 
4 C o l l i e r  medium o f f e r s  a n  a t t r a c t i v e  medium f o r  t h e  c u l t i v a -  
t i o n  of the organisms - i n v i t r o  from f e c e s ,  provided a means 
'D. E. Egles ,  F. E. Jones,  J. R. Jumper, and V. P. 
Drinnon, "Amebic I n f e c t i o n s  i n  Dogs, " Journa l  - of ?aras i to lo&y,  
XL ( A p r i l ,  1954) ,  163-166. 
2 ~ .  Balamuth and J. G. Sandza, r f ~ i m p l e  Standardieed 
Cu l tu re  Fiedium f o r  Phys io log ica l  S tud ie s  oh Zntameba h i s t o -  
1 t i c a , "  American Jou rna l  of Tropica l  Fiedicine and z-, 
~ h o c t o b e r ,  1 9 4 m - n 2 .  
-
3 ~ .  C . Nelson,  alcoholic E x t r a c t s  Medium f o r  t h e  
Diagnosis  and C u l t i v a t i o n  of Entameba h i s t o l  tics," 
American Jou rna l  of Tropica l  Piedic ine ,  XXVII September, 
- 
__f_ 
4 ~ .  R. Cleveland and J. C o l l i e r ,  "Various Improvements 
i n  t h e  C u l t i v a t i o n  of Entameba American Journa l  
of Hygiene, XI1 (~ovember ,  1930 
- 
of i n h i b i t i n g  t h e  y e a s t  B l a s t o c y s t i s  hominis can be found. 
Spingarn and ~ d e l m a n l  have been a b l e  t o  ach ieve  up t o  seventy  
p e r  c e n t  i s o l a t i o n  of Entameba h i s t o l y t i c a  from s t o o l s  
mic roscop ica l ly  shown t o  be p o s i t i v e  by  t h e  a d d i t i o n  of 
twenty mi l l ig rams  of s t reptomyoin s u l f a t e  per  m i l l i l i t e r  t o  
t h e  c u l t u r e s ,  
Attempts a t  immunodiagnosis have t h u s  f a r  proven t o  
be imprac t i ca l .  wagener2 was a b l e  t o  demonstrate a n t i b o d i e s  
s p e c i f i c  f o r  Entameba h i s t o l y t i c a  i n  t h e  serum of exper i -  
m e n t a l l y  i n f e c t e d  young and a d u l t  c a t s  by means of a pre-  
c i p i t i n  t e s t .  c r a i g 3  was a b l e  t o  demonstrate a  hemolytic, 
c  y t o l y t i c ,  and complement f i x i n g  substance i n  a l c o h o l i c  ex- 
t r a c t s  of Entameba h i s t o l y t i o a .  crai$) was a b l e  t o  show 
t h e  presence of a n t i b o d i e s  s p e c i f i c  f o r  Entameba h i s t o l y t i c a  
i n  t h e  blood s t ream of i n d i v i d u a l s  i n f e c t e d  with Entameba 
'c. L. Spingarn and 14. H. Edelman, "Further  Observa- 
t i o n s  on t h e  use of Streptomycin and P e n i c i l l i n  i n  t h e  
C u l t i v a t i o n  of Entameba h i s t o l  t i c a  from S too l s ,  If American 
- y ,  1952). 412-416. J o u r n a l  of T rop ica l  Medicine 
2 ~ .  R. Wanener. "A P r e c i p i t i n  Tes t  i n  BperFmenta l  
Amoebic ~ ~ s e n t a r g  i n  c a t s ,  " Publ i -  
c a t i o n s  - i n Zoology, XXVI 
3 ~ .  F. Craig ,  nObservetions upon t h e  Hemolytic, 
C y t o l y t i c  , and Complement Fixing P r o p e r t i e s  of E x t r a c t s  of 
Journa l  - of Tropica l  Medicine, 
kc. P. Cra ig ,  ffComplement F i x a t i o n  i n  t h e  Diagnosis 
of I n f e c t i o n  wi th  Entameba American Journa l  - of  
T r o p i c a l  ~ e d i c i n e  
h i s t o l y t i c a  b u t  cou ld  not demonstrate a n t i b o d i e s  i n  t h e  serum 
of' i n d i v i d u a l s  r e c e n t l y  cured  of t h e  i n f e c t i o n .  Magrath and 
~ l e l e  ne$ have r e v i e  wed work done wi th  a n t i g e n s  prepared  by 
a l c o h o l i c  e x t r a c t i o n .  Apparently,  t h e  a n t i g e n  i a  inadequate  
i n  t h a t  metabol ic  products  from the b a c t e r i a l  a s s o c i a t e s  
mask t h e  an t igen .  Rees e t .  ale2 us ing  monoxenic c u l t u r e s  of  
Entameba h i s t o l y t i c a  and organism t has  prepared an  a n t i g e n  
wi th  a h i g h  degree  o f  s p e c i f i c i t y  wi th  l i t t l e  o r  no involve-  
ment of t h e  a n t i g e n s  donated by organism t. Organism t i s  
thought  t o  be a  b a c i l l u s  of t h e  genus Clostr idfum. Xenney 3 
u s i n g  Rees la  a n t i g e n  has ob ta ined  p o s i t i v e  r e s u l t s  i n  e i g h t y  
p e r  c e n t  of p a t i e n t s  pas s ing  t rophozo i t e s .  Recently,  Cole 
4 and Kent have been a b l e  t o  demonstrate a n t i b o d i e s  produced 
i n  t h e  r a b b i t ,  which a r e  capable  of t emporar i ly  immobilizing 
Entameba h i s t o l y t i c a  - i n v i t r o .  A t  p r e sen t ,  imunod iagnos i s  
1 ~ .  B. Magrath and H. E. >?eleney, nThe Complement 
Yixa t ion  React ion f o r  Amebiasis: Comparative T e s t s  performed 
by Two Labora to r i e s ,  lt American Journa l  of T rop ica l  Medicine, 
- 
XX (Piarch, l 9 4 0 ) ,  211-238. 
2 ~ .  W. Rees, J. Boziecevich,  L. V. Reardon, and F. Jones, 
"A Pre l imina ry  Note on t h e  Complement F i x a t i o n  Tes t  f o r  
Amebiasis with Antigens Prepared from Entameba h i s t o l  t i c a  
-T97 of grown with  a S ing le  Spec ies  of Bac te r i a , "  American dourna 
-
Trop ica l  Medicine, X X I I  (November, 1942) ,  
%. Kenney, ltI~icro-Kolmer Complement P i x a t i o n  Tes t  f o r  
Amebiasis,  ti ~ r n e r i c a n  Journa l  - of Tropica l  ked ic ine ,  I 
(January,  1 9 5 3 ) , - 7 3 0 .  
4 ~ .  4 .  Cole and J. F. Kent, l t Immobil izat ion of Entameba 
h i s t o l y t i c a  I n  V i t r o  by Antiserum produced i n  t h e  iiabbIt,'l 
Proceedin s zr the  S o c i e t y  of Ex e r imen ta l  Biologg: and 
? & I ~ ~ ( z t e m b e r ,  1~33- 
-
v a r i e s  with t h e  degree of i n f e c t i o n ,  with t h e  i n d i v i d u a l  
performing t h e  t e s t ,  and with the  method of p r e p a r a t i o n  of 
t h e  a n t i g e n .  
There is l i t t l e  in format ion  a v a i l a b l e  i n  which animal 
i n o c u l a t i o n  has been used as a means of d iagnos i s  f o r  
1 
amebias is .  Dale and Dobell  having e s t a b l i s h e d  fu lmina t ing  
i n f e c t i o n s  with Entameba d y s e n t a r i a e ,  recommend the  use of  
c a t s  as a  method f o r  d i agnos i s  of Entameba dysen ta r i ae  i n -  
3 f e c t i o n .  I n v e s t i g a t i o n s  by ~ o b i e ' ,  Ca r r e ra  and Faus t  , and 
4 Taylor  , of fu lmina t ing  i n f e c t i o n s  i n  t h e  r a b b i t  and gu inea  
p ig ,  us ing  t h e  technique o f  i n t r a c e c a l  i n o c u l a t i o n ,  has l e d  
t o  a n  i n t e r e s t  i n  t h e  use of t h e s e  animals  for t h e  d i agnos i s  
of Entameba h i s t o l y t i c a  i f l e c t i o n s  a s  suggested by Rees. 
IH. H. Dale and C .  Dobell ,  "Experiments on t h e  
Therapeut ics  of  Amoebic Dysentary, Jou rna l  o f  Pharmacolo 
and Experimental  Therapeut ics ,  X ( ~ c t o b e r ,  lii17]=? 
-
2 ~ .  E. Tobie, "An Experimental  I n f e c t i o n  of t h e  
Flabbit with ~ n t a m e b a  h i s t o l -  tics," American Journa l  of 
Hygiene, X X I X m , e  - 
3 ~ .  M. Ca r r e ra  and E. C .  Faust ,  " S u s c e p t i b i l i t y  of 
t h e  Guinea P ig  t o  Entameba h i s t o l y t i c a  of ~ u & n  o r ig in , "  
American Jou rna l  - of T rop ica l  Xedicine,  LYX (19491, 647-667. 
4 ~ .  J. Taylor ,  B. Highman, J. Greenberg, G. R .  Coatney, 
"An Exper imental  I n f e c t i o n  of the  Guinea Pig  wi th  Entameba 
American Jou rna l  - of T rop ica l  Nedicine,  ,DX 
7 
1 It was demonstrated by Kessel  t h a t  t h e  a l b i n o  mouse 
i s  suscep tab le  t o  i n f e c t i o n  wi th  Entameba h i s t o l y t i c a .  Using 
o r a l  f e e d i n g  of c y s t s  t o  a d u l t  animals,  Kessel  was a b l e  t o  
e s t a b l i s h  a n  i n f e c t i o n  i n  one of s ix mice. It h a s  been 
demonatrated by ~ e i z o '  t h a t  extreme l i v e r  damage occurs  i n  
t h e  mouse fo l lowing  t h e  i n j e c t i o n  of a l c o h o l i c  e x t r a c t s  o f  
Entameba h i s t o l y t i c a .  
There has  been l i t t l e  work concerning i n f e c t i o n s  i n  
mice wi th  Entameba h i s t o l y t i c a  r e p o r t e d  s ince  t h e  i n v e s t i g a -  
t i o n  of Kessel .  It should be of i n t e r e s t  then ,  t o  determine 
t h e  i n f e c t i v i t y  of a l b i n o  mice t o  a known s t r a i n  of 
Entameba h i s t o l y t i c a .  
'J. F. ICessel, "An E x p e r i m n t a l  I n f e c t i o n  of Rats and 
Idlice with the  Common I n t e s t i n a l  Amoebae of 
of C a l i f o r n i a  Pub l i ca t ions  - i n Zoologx, XX 
409-440. 
2 ~ .  Keizo, T. Koj i ,  0. Suketaka, N .  Yasuchika, and 
S. Toshisada,  "Studies  on t h e  Toxic E f f e c t s  of Entameba 
H i s t o l  t i c a  on t h e  Parenchymal Organs of Kice ,"  Gunma journa l  
&Science, I (June, 1955 ) ,  1-12. 
- 
MATERIALS AND IGZTHODS 
The organism used i n  t h i s  i n v e s t i g a t i o n  was Entameba 
h i s t o l y t i c a ,  NIR 200 R s t r a i n ,  ob ta ined  through t h e  cour t e sy  
of D r .  Pau l  Thompson of Parke, Davis and Company, D e t r o i t ,  
Michigan. The amebae were c u l t u r e d  on Bacto Endameba medium 
(Difco  Labora tor ies ) , '  which were prepared s o  t h a t  a one 
cen t ime te r  b u t t  was p re sen t  a t  t he  bottom of the  c u l t u r e  
tube.  The s l a n t  extended t o  t h e  t o p  of t h e  c u l t u r e  tube.  
S t e r i l e ,  screw cap,  c u l t u r e  tubes  f i f t e e n  cen t ime te r s  long 
and two cen t ime te r s  i n  diameter  were used i n  t h i s  i nves t iga -  
t i o n .  To t h e  Bacto a g a r  s l a n t s  were added a  s t e r i l e  horse  
serum (Difco Labora to r i e s )  s a l i n e  ove r l ay  con ta in ing  twenty 
mi l l i g rams  of s t reptomycin s u l f a t e  ( E l i  L i l l y  and company) 
p e r  m i l l i l i t e r .  The s t reptomycin was added t o  i n h i b i t  t he  
growth of t he  b a c t e r i a l  f l o r a  i n  t he  cu l tu re s .2  The s t e r i l e  
horse  serum s a l i n e  ove r l ay  with  s t reptomycin s u l f a t e  was 
prepared  by adding f o u r  grams of sodium c h l o r i d e  c r y s t a l s  t o  
f i v e  hundred m i l l i l i t e r s  of s i n g l y  d i s t i l l e d  water. The 
b i f c o  Labora tor ies .  Difco Manual ( D e t r o i t ,  i.Iichigan: 
Difco Labora to r i e s  1ncorporated,9-* 97. 
'spingarn and Edelman, &. 
9 
p h y s i o l o g i c a l  s a l i n e  s o l u t i o n  was au toc laved  a t  one hundred 
and twenty-one degrees  c e n t i g r a d e  f o r  f i f t e e n  minutes a t  
f  i f ' t een  pounds p re s su re  (American S t e r i l i z e r  Company). 
St reptomycin s u l f a t e  s t o c k  s o l u t i o n  was prepared  by adding 
one gram of s t e r i l e  powdered s t reptomycin s u l f a t e  t o  t e n  
m i l l i l i t e r s  of s i n g l y  d i s t i l l e d  water. S i x t y  m i l l i l i t e r s  
of t h e  s t e r i l e  phys io log ica l  s a l i n e  s o l u t i o n  was t r a n s f e r r e d  
t o  a s t e r i l e  f i v e  hundred m i l l i l i t e r  graduate  c y l i n d e r  and 
t o  t h i s  was added one t e n  m i l l i l i t e r  ampoule of t h e  s t e r i l e  
horse  serum. From t h e  s t rep tomycin  s u l f a t e  s t o c k  s o l u t i o n  
one and f o u r - t e n t h s  of a m i l l i l i t e r  was t r a n s f e r r e d  with a 
one m i l l i l i t e r  p i p e t t e  i n t o  seventy  m i l l i l i t e r s  of the  horse  
serum s a l i n e  over lay .  To the  above, a pinch of r i c e  powder 
( ~ i f c o  L a b o r a t o r i e s )  was added j u s t  before  t h e  c u l t u r e s  were 
r e a d y  t o  be used. Every seventy-two hours t h e  amebae were 
t r a n s f e r r e d  t o  t h r e e  t ubes  of s t e r i l e  c u l t u r e  media. Three 
c u l t u r e s  were used f o r  each t r a n s f e r  because of t he  d i f f i -  
c u l t y  of main ta in ing  v i a b l e  c u l t u r e s  of the  amebae. T rans fe r  
of t h e  amebae from one c u l t u r e  t o  ano the r  was done by f laming 
t h e  t o p s  of t h e  c u l t u r e  tubes  i n  a  microburner, i n s e r t i n g  a 
s t e r i l e  one m i l l i l i t e r  p i p e t t e  i n t o  t he  c u l t u r e  tube and with- 
drawing approximately  one-tenth of a m i l l i l i t e r  of t he  r i c e  
powder and horse  serum s a l i n e  over lay.  Care was taken t o  
avo id  o b t a i n i n g  a s  much of t he  f l u i d  p o r t i o n  of t h e  c u l t u r e  
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ove r l ay  as poss ib l e .  P r i o r  t o  t r a n s f e r ,  t h e  c u l t u r e s  were 
examined microscopica l ly  t o  determine the  presence of t h e  
amebae. This  was done i n  t h e  fo l lowing  manner. A one m i l l i -  
l i t e r  p i p e t t e  was i n s e r t e d  i n t o  t h e  c u l t u r e  con ta in ing  the  
amebae and approximately  one- tenth of a m i l l i l i t e r  o f  t h e  
r i c e  powder was withdrawn from t h e  c u l t u r e  and p laced  on a 
c l e a n  g l a s s  microscope s l i d e ,  This  l i v e  p repa ra t ion  was ex- 
amined with  a Spencer monocular compound microscope wi th  t h e  
f o r t y  f o u r  power o b j e c t i v e  and a t e n  power ocu la r ,  The 
c u l t u r e s  were incuba ted  a t  t h i r t y  seven degrees  cen t ig rade  
( P r e c i s i o n  S c i e n t i f i c  Company). 
Upon r e c e i v i n g  t h e  amebae from Parke, Davis and 
Company, t h r e e  permanent s l i d e  p repa ra t ions  were prepared 
from c u l t u r e s  con ta in ing  the amebae and s t a i n e d  with Dela- 
f i e l d l  s hernatoxylinl t o  determine t h e  morphology of t h e  
amebae, The permanent s l i d e s  were prepared by f i x i n g  t h e  
amebae wi th  Schaudinnts f i x a t i v e  f o r  one hour.' Mayert s 
egg albumin was spread  over a c l e a n  microscope s l i d e  by 
rubbing  it on wi th  a c l e a n  l i t t l e  f i n g e r s 3  About two-tenths 
'P. Greg, Handbook of Basic (New York: 
KcGraw H i l l  Book Company, 195BG. 
2 ~ .  G u r r ,  S t a i n i  P r a c t i c a l  and T h e o r e t i c a l  ( B a l t i -  
--3 more : Williams and i i i l k  ns  ~ o r n ~ a n y , T 6 2 ) ,  p. 537. 
3 ~ b  id .  
-
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of a m i l l i l i t e r  of t h e  r i c e  powder and horse  serum s a l i n e  
o v e r l a y  were withdrawn from t h e  c u l t u r e  with a one m i l l i l i t e r  
p i p e t t e  wi thout  a g i t a t i o n  of  t h e  c u l t u r e .  The con ten t s  were 
a l lowed t o  f low onto t h e  a r e a  where t h e  Haye r f s  egg albumin 
had been spread.  The two-tenths  of a m i l l i l i t e r  of t h e  r i c e  
powder, horse  serum s a l i n e  ove r l ay  mixture was a l lowed t o  
p a r t i a l l y  evapora te .  A f t e r  f l x i n g  i n  Schaudinnl s s o l u t i o n  
f o r  one hour t h e  p r e p a r a t i o n s  were washed i n  a seventy p e r  
c e n t  i o d i n e  e t h y l  a l c o h o l  ( t h r e e  p e r  c e n t  iod ine  i n  seventy  
p e r  c e n t  e t h y l  a l c o h o l )  s o l u t i o n  f o r  f i v e  minutes t o  remove 
mercuric c h l o r i d e  c r y s t a l s .  They were t hen  t r a n s f e r r e d  t o  
n i n e t y  f i v e  and seventy  pe r  c e n t  e t h y l  a l c o h o l  s o l u t i o n s  f o r  
f i v e  minutes each, and fol lowing t h i s  were placed under a 
c o l d  water  t a p  i n  a  Koplin j a r  and water was allowed t o  
g e n t l y  f low over  t h e  s l i d e s  f o r  t e n  minutes.  The amebae 
were s t a i n e d  i n  D e l a f i e l d f s  hernatoxylin f o r  f o u r  o r  f i v e  
minutes,  and t h e n  washed w i t h  c o l d  water  from the  t a p  f o r  
t e n  minutes.  The s l i d e s  were then  t r a n s f e r r e d  through 
seventy ,  n i n e t y  f i v e  per  c e n t  and a b s o l u t e  e t h y l  a l c o h o l  
f o r  f i v e  minutes each. A f t e r  c l e a r i n g  i n  t o luene  f o r  t e n  
minutes,  t h e  p repa ra t ions  were mounted i n  HSR ( i i a r tmnn  
Leddon Company) s y n t h e t i c  r e s i n .  Care was t aken  t o  i n s u r e  
t h a t  t h e  s l i d e s  d i d  not d ry  a t  any t ime du r ing  the  procedure. 
Es t ima t ion  of the  number of t rophozo i t e s  of Entameba 
h i s t o l y t i c a  i n  t h e  c u l t u r e s  was made with a n  improved 
Neubauer U l t r ap lane  S p o t l i t e  hemacytometer (SC i e n t i f  i c  
Products  Company). The c u l t u r e s  were a g i t a t e d  by r o t a t i n g  
them between t h e  palms of the  hands u n t i l  a n  apparen t  homo- 
geneous suspension of t h e  r i c e  powder was obtained.  Immedi- 
a t e l y ,  t h e  c o n t e n t s  of t h e  horse  serum s a l i n e  ove r l ay  con- 
t a i n i n g  t h e  amebae, which was about one cubic  cen t imeter ,  
was poured from t h e  c u l t u r e  i n t o  a watchglass f i f t e e n  
cen t ime te r s  i n  diameter  and p i p e t t e d  wi th  a one m i l l i l i t e r  
p i p e t t e  onto t h e  two count ing  chambers of t h e  hemacytometer. 
S u f f i c i e n t  c u l t u r e  was added t o  cover  t h e  r u l e d  a r e a  of t h e  
count ing  chamber without t h e  excess  f lowing i n t o  t h e  moat 
around t h e  coun t ing  chambers. The hemacytometer c o v e r s l i p  
was p laced  on t h e  count ing chamber and t h e  e s t ima te  made. 
E igh t  squares  were s e l e c t e d  a t  random by drawing numbers 
from a ha t .  Two read ings  were made f o r  each cu l tu re .  E s t i -  
mates were made by using in te rmedia te  squares  each of which 
con ta ined  one t e n t h  of a  cubic  mi l l ime te r  volume. Only t h e  
amebae touching the  upper l e f t  corner  and l i n e s  of t he  i n t e r -  
mediate squares  were counted. The number of t rophozo i t e s  
'M. Paulson,  "An Accurate icethod f o r  t h e  ilumerical 
Determinat ion of  Entameba i i i s t o l y t i c a  I n  V i t r o  and i t s  
Poss ib l e  use wi th  o t h e r  I n t e s t i n a l  ~ r o t o z o a , "  American 
Jou rna l  - of Trop ica l  kiedicine, XI1 ( ~ e p t e m b e r ,  -87-389. 
2 ~ .  L. Levenson and LcFate, C l i n i c a l  Laboratory 
Diagnosis  (Lea and Peaf iger ,  1959),  p. 721-739. 
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i n  one cub ic  cen t ime te r  of c u l t u r e  was e s t i m a t e d  by m u l t i -  
p ly ing  t h e  number of t rophozo i t e s  counted i n  each  in t e rmed ia t e  
squa re  by t e n  t o  g ive  t h e  number of  t r o p h o z o i t e s  p e r  cub ic  
m i l l i m e t e r  and t h i s  number was m u l t i p l i e d  by one thousand t o  
g ive  t h e  number o f  t r o p h o z o i t e s  p e r  cubic  cen t ime te r .  A l l  
e s t i m a t e s  o f  c u l t u r e s  t o  be used were made from s e l e c t e d  
c u l t u r e s  and a count  o f  t h e  ameba was made not  m r e  t h a n  six 
hours  be fo re  i n o c u l a t i o n  of t h e  mice. The c u l t u r e s  -were s e -  
l e c t e d  by sampling them t o  determine i f  t he  amabae were 
abundant i n  t h e  c u l t u r e s .  
The above c u l t u r e s  were t o  be used to  i n j e c t  t h e  con- 
t a i n e d  amebae i n t o  t h e  mice. To determine i f  t h e  amebae 
popu la t ion  was adequate ,  t h e  c o n t e n t s  of one- tenth  of a 
m i l l i l i t e r  o f  the  c u l t u r e  was p i p e t t e d  wi th  a one m i l l i l i t e r  
p i p e t t e  on to  t h e  two count ing  chambers o f  t h e  hemacytometer 
and t h e  number of t r o p h o z o i t e s  i n  one cubic  cen t ime te r  of 
t h e  c u l t u r e  was e s t ima ted  a s  desc r ibed  previously .  The 
c u l t u r e s  were a g a i n  a g i t a t e d  and a l l  t h e  con ten t s  poured i n t o  
a watchglass  f i f t e e n  cen t ime te r s  i n  diameter.  Approximately 
one cub ic  cen t ime te r  of t h e  c u l t u r e  was withdrawn from t h e  
watchglass  i n t o  a  Hypak f i v e  cubic cen t ime te r  d i sposab le  
sy r inge  wi thout  a needle.  A number twenty-s ix  guage h n o -  
dermic needle  was then  a t t a c h e d  t o  t h e  sy r inge  and t h e  con- 
t e n t s  of t h e  sy r inge  was shaken v igo rous ly  u n t i l  a homogeneous 
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suspension of t h e  r i c e  powder was obta ined.  The number of 
t r o p h o z o i t e s  i n  one cub ic  cen t ime te r  of  c u l t u r e  was e s t ima ted  
by us ing  t h e  hemacytometer. The r e s u l t s  a r e  shown i n  
Table I ( s e e  Appendix). 
S t e r i l i z a t i o n  procedures c o n s i s t e d  of au toc l av ing  t h e  
Bacto Endameba medium a t  one hundred and twenty-one degrees  
c e n t i g r a d e  a t  f i f t e e n  pounds of p re s su re  f o r  f i f t e e n  minutes.  
One, f i v e ,  and t e n  m i l l i l i t e r  p i p e t t e s ,  a  one f i v e  hundred 
m i l l i l i t e r  g radua te  c y l i n d e r  and two screw cap c u l t u r e  
t ubes  c o n t a i n i n g  r i c e  powder were s t e r i l i z e d  i n  a ho t  a i r  
oven ( P r e c i s i o n  S c i e n t i f i c  Company) a t  one hundred and s i x t y  
degrees  c e n t i g r a d e  f o r  two hours.  The p i p e t t e s  were s t o r e d  
i n  s t e r i l e  s t e e l  con ta ine r s .  A l l  t r a n s f e r  of m a t e r i a l s  from 
one c o n t a i n e r  t o  ano the r  was preceeded by flaming t h e  t ops  
of t h e  tubes  o r  c o n t a i n e r s  i n  a microburner. 
Four groups,  each c o n s i s t i n g  of t e n  a l b i n o  mice a t  
f i v e ,  seven, nine,  and e l even  weeks of  age with a  minimum 
of t h r e e  c o n t r o l  mice f o r  each  group were used i n  this in-  
v e s t i g a t i o n .  The mice were a l b i n o  mice which were ob ta ined  
from Drake Univers i ty ,  Des bioines, Iowa. A t  a l l  t imes males 
and females were kep t  a p a r t  t o  avoid pregnancy as a  va r i ab l e .  
F ive  week o l d  mice were weaned a t  l e a s t  f i v e  days p r i o r  t o  
i n o c u l a t i o n  w i t h  Entameba h i s t o l y t i c a ,  N I H  230 R s t r a i n .  
The purpose of t h i s  was t o  e l imina t e  any milk f a c t o r  i n  t h e  
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d i e t  and t o  keep a l l  mice a s  homogeneous as p o s s i b l e  wi th  
r e s p e c t  t o  d i e t .  A l l  mice were f e d  on Pur ina  Laboratory 
Chow (Formula: C-5001). Twenty-four hours p r i o r  t o  t h e  
o p e r a t i o n  and a l s o  twenty-four hours  p o s t o p e r a t i v e l y  food  
was withdrawn from the  mice bu t  water  was a v a i l a b l e  a t  a l l  
t imes.  No a t tempt  was made t o  determine t h e  p a r a s i t e  mix 
of  t h e  mice o t h e r  t han  t h e  presence o r  absence of Entameba 
h i s t o l g t i c a .  To determine t h e  presence of Entameba his  t o -  
l y t i c a ,  a  f e c a l  p e l l e t  from a l l  mice of each  group was 
c u l t i v a t e d  i n  Bacto Endameba medium con ta in ing  the  r i c e  
powder and t h e  horse  serum s a l i n e  over lay.  This was des ig-  
na t ed  a s  Cu l tu re  I. Sodium P e n t a b a r b i t o l  (Abbott)  was used 
as  t h e  a n e s t h e t i c ,  with the amount t o  be i n t r a p e r i t o n e a l l y  
i n j e c t e d ,  based upon the  body weight of the i n d i v i d u a l  mouse. 
The Sodium P e n t a b a r b i t o l  s o l u t i o n  conta ined  twenty-f i v e  
hundredths  of a  mi l l ig ram p e r  m i l l i l i t e r  of t h e  powder i n  
s even ty  per  cen t  aqueous e t h y l  a l c o h o l  s o l u t i o n .  It was 
found by the  i n v e s t i g a t o r  t h a t  twenty-five hundredths of a  
mi l l ig ram per m i l l i l i t e r  of t h e  powder was s u f f i c i e n t  t o  
a n e s t h e t i z e  a  twenty-f ive  thousands of a  ki logram mouse f o r  
f o r t y - f i v e  minutes without t h e  animal waking up. I f  f o r  a 
twenty-f i v e  thousandths  kilogram mouse one m i l l i l i t e r  of 
Sodlum P e n t a b a r b i t o l  s o l u t i o n  was s u f f i c i e n t  t o  a n e s t h e t i z e  
t h e  animal f o r  f o r t y - f i v e  minutes;  then,  f o r  a  mouse whose 
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weight i s  known, it should be poss ib l e  t o  c a l c u l a t e  the  amount 
of Sodium P e n t a b a r b i t o l  t o  be adminis te red  t o  any mouse of a  
known weight. The weight of each mouse was determined not  
more than  t h r e e  days p r i o r  t o  the o p e r a t i o n  by weighing them 
on a s i n g l e  pan balance (E. H. Sargent  Company). 
Sodium P e n t a b a r b i t o l  was adminis te red  with  a  one 
cubic  cen t ime te r  d i sposable  sy r inge  with  a twenty-six gauge 
needle .  Care was t aken  t o  swab t h e  i n j e c t i o n  s i t e  both before  
and a f t e r  a d m i n i s t r a t i o n  of t he  a n e s t h e t i c  wi th  seventy p e r  ! 
c e n t  e t h y l  a l coho l .  The purpose of t h i s  was t o  c lean  t h e  
i n j e c t i o n  s i t e  and t o  m a t  down the  h a i r  so a s  not t o  g e t  
h a i r  i n t o  t h e  i n c i s i o n .  A f t e r  anes thes i a  had been induced, 
t h e  mouse was f a s t e n e d  t o  t h e  ope ra t ing  board which c o n s i s t e d  
of a  d i s s e c t i n g  pan and rubber  bands t o  bind t h e  mouse. When 
upon pinching the  h ind  t o e s  of t h e  mouse with  hemostatic 
f o r c e p s ,  no r e f l e x  of withdrawing the  l e g  was i n i t i a t e d ,  
a n e s t h e s i a  had been induced deep enough s o  t h a t  t h e  opera- 
t i o n  could  be performed. The abdomen was aga in  swabbed with  
seventy  p e r  c e n t  e t h y l  a l coho l  and t h e  i n c i s i o n  through t h e  
s k i n  was made midvent ra l ly  wi th  s t e r i l e ,  n icke l  p l a t ed ,  
s t r a i g h t  , f ine-pointed s c i s s o r s .  The i n c i s i o n  through the  
s k i n  was a t  f i r s t  made t r a n s v e r s e l y  f o r  one o r  two m i l l i -  
meters  about f i v e - t e n t h s  of one cen t ime te r  a n t e r i o r l y  t o  
t h e  hind l e g s .  Perpendicu la r ly  t o  t h e  t r a n s v e r s e  c u t ,  the  
17 
i n c i s i o n  was extended a long  the  midventra l  l i n e  f o r  one 
cen t ime te r ,  A s t e r i l e  carbon s t e e l  f o r t y  mi l l ime te r  s c a l p e l  
was used t o  make a similar i n c i a i o n  a long  t h e  l i n e a  a l b a ,  
No t r a n s v e r s e  i n c i s i o n  was made. Bleeding was minimal. 
S t e r i l e  g l a s s  rods  approximately  t h r e e  inches  long  and curved 
a t  t h e  end s u f f i c i e n t l y  t o  g r a s p  t h e  cecum were in t roduced  
i n t o  t h e  abdominal c a v i t y  and t h e  cecum was withdrawn from 
t h e  body c a v i t y  i n t o  t h e  ope ra t ive  wound. A t  t h i s  t ime the  
inoculum c o n s i s t i n g  of  t h e  amebae was prepared by t r a n s -  
f e r r i n g  t h e  c u l t u r e s  i n t o  a f i f t e e n  cen t imeter  watchglass 
and drawing t h e  amebae i n t o  t h e  s y r i n g e  as has been descr ibed  
prev ious ly .  A twenty six gauge hypodermic needle  was 
a t t a c h e d  t o  t h e  syr inge  and approximately 40,000 t rophozo i t e s  
of Entameba h i s t o l y t i c a  were i n j e c t e d  i n t o  the  cecum. The 
hypodermic needle  was i n s e r t e d  i n t o  the l a s t  one cen t imeter  
of t h e  cecum by  grasp ing  the  cecum with  hemostatic fo rceps  
and g e n t l y  pushing the  needle through the  c e c a l  wal l ,  Care 
was observed t o  in su re  t h a t  t h e  needle d i d  not puncture t h e  
o p p o s i t e  s i d e  of t he  c e c a l  wal l  from where it  was int roduced,  
The hypodermic needle was s lowly removed from t h e  cecum t o  
r e t a r d  b leed ing .  The i n j e c t i o n  s i t e  on t h e  cecum was swabbed. 
i n  two p e r  c e n t  aqueous iod ine  s o l u t i o n  t o  s t e r i l i z e  t h e  i n -  
j e c t i o n  s i t e  and t o  k i l l  any amebae which might have leaked 
ou t  of t he  needle  puncture onto t h e  c e c a l  se rosa .  The cecum 
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was r e i n s e r t e d  i n t o  t h e  body c a v i t y .  Using a square knot, 
t he  body wal l  i n c i s i o n  was s u t u r e d  with  000 c a t g u t .  The 
wound was aga in  swabbed with t h e  two per  cen t  aqueous iod ine  
s o l u t i o n  and t h e  animal was al lowed t o  recover ,  A s  s t a t e d  
prev ious ly ,  pos tope ra t ive  c a r e  c o n s i s t e d  of r e s t r i c t i n g  food 
t o  t h e  mice f o r  twenty-four hours. 
Asept ic  procedures were used throughout the  opera t ion .  
A l l  ins t ruments  were s t e r i l i z e d  in f i v e  per  cen t  aqueous 
Roccal ( ~ i n t h r o p - s t e a r n )  s o l u t i o n  f o r  t h i r t y  minutes and t hen  
t r a n s f e r r e d  t o  seventy pe r  c e n t  e t h y l  a l coho l  so lu t ion .  The 
working a r e a  and t h e  ope ra t ing  board were thoroughly washed 
wi th  Hoccal. The hands of t h e  i n v e s t i g a t o r  were washed with 
Borax hand soap (Uni ted S t a t e s  Borax and Chemical Corporat ion)  
be fo re  each ope ra t ion  was performed. No gloves  were worn 
dur ing  t h e  opera t ion .  
Feca l  examination of the f i v e  and seven week o ld  
mice was made by a t tempt ing  t o  c u l t u r e  t h e  amebae i n  Ijacto 
Endameba medium wi th  t h e  horse s e r u m  s a l i n e  over lay  and a 
pinch of r i c e  powder. I n  genera l ,  the time of f e c a l  examin- 
a t i o n  depended upon t h e  s t a t e  of h e a l t h  of t h e  i n d i v i d u a l  
mouse. If the  mouse was l y i n g  i n  i t s  cage unable t o  walk, 
t he  animal was s a c r i f i c e d ;  o r  if t h e  mouse began t o  d i s p l a y  
a s i c k  c o n d i t i o n  and i t  would have t o  remain overnight  before  
t h e  cage was checked aga in ,  the mouse was s a c r i f i c e d .  The 
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purpose of t h i s  was t o  always have f r e s h l y  k i l l e d  mice f o r  
f e c a l  examination.  The mice were s a c r i f i c e d  by p l ac ing  a 
f i f t e e n  cen t ime te r  n a i l  ho rozon ta l ly  behind t h e  o c c i p i t a l  
bone of t h e  s k u l l  and p u l l i n g  t h e  t a i l  of t h e  mouse. 
Autopsy of t h e  mioe was performed i n  t h e  fo l lowing  
manner. A midl ine  i n c i s i o n  was made with  t h e  f ine-poin ted ,  
d i s s e c t i n g ,  s c i s s o r s  about f i v e  t e n t h s  of a  cen t ime te r  
a n t e r i o r  t o  t h e  h ind  l e g s  and extending t o  t h e  xiphoid 
p rocess  of t h e  sternum. A t  t h e  a n t e r i o r  p o r t i o n  of t h e  i n -  
c i s i o n ,  two t r a n s v e r s e  i n c i s i o n s  were made on each s i d e  fol low- 
i n g  t h e  l a s t  r i b  around t o  the  v e r t e b r a l  column. A t  the  
p o s t e r i o r  p o r t i o n  of t h e  i n c i s i o n ,  two c u t s  were made on 
each s i d e  through the  body wall and extended around t o  t h e  
v e r t e b r a l  column. The two body wa l l  f l a p s  were pushed t o  
t h e  l a t e r a l  s i d e  of the  mouse and pinned with s t e e l  s t r a i g h t  
p i n s  exposing the  v i sce ra .  The v i s c e r a  were examined macro- 
s c o p i c a l l y  with  a  b inocu la r  d i s s e c t i n g  scope (Bausch and 
Lomb) f o r  l e s i o n s .  The l e s i o n s  were noted a s  white s p o t s  on 
t h e  v i s c e r a  and were recorded a s  p re sen t  o r  absent .  
I n  t he  n ine  and eleven week o ld  mice, f e c a l  examina- 
t i o n  was made a s  above but  microscopic f e c a l  examination was 
a l s o  made. i+iicroscopic f e c a l  examination c o n s i s t e d  of ex- 
c i s i n g  a one cen t ime te r  l eng th  of cecum and squeezing the 
c o n t e n t s  of t h e  cecum o u t  wi th  a p a i r  of b lun t  tweezers. 
The c o n t e n t s  was placed on a s l i d e  upon which two drops of 
p h y s i o l o g i c a l  s a l i n e  which had been incubated a t  t h i r t y -  
seven  degrees  cen t ig rade  had been added. The m a t e r i a l  was 
comminuted wi th  t h e  tweezers  and t h e  p r e p a r a t i o n  was s t a i n e d  
w i t h  DIAntoni ts  iodine.' TWO c u l t u r e  examinations were made 
from a l l  mice pos tope ra t ive ly .  One des igna ted  a s  Cu l tu re  I1 
c o n s i s t e d  of i n o c u l a t i n g  Bacto Endameba c u l t u r e s  wi th  a n  
e x c i s e d  s e c t i o n  of about  one cen t imeter  of  the  cecum. C u l -  
t u r e  I11 c o n s i s t e d  of i n o c u l a t i n g  t h e  c u l t u r e s  wi th  an  
exc i sed  one cen t ime te r  s e c t i o n  of lower colon. The conten ts  
of t h e  i n t e s t i n a l  segments a l s o  were incubated i n  t h e  same 
c u l t u r e s .  A l l  c u l t u r e s  were examined t h r e e  days a f t e r  in -  
o c u l a t i o n  t o  determine t h e  presence of t h e  ameba. 
The fo l lowing  precaut ions  were taken t o  d i spose  of 
a l l  contaminated ma te r i a l s .  A l l  i n j e c t e d  mice and exc ised  
p a r t s  were wrapped i n  two s h e e t s  o r  newspaper and bound with  
rubber  bands. They were a g a i n  wrapped with  two shee t s  of 
paper  and bound with rubber  bands. The bound packages were 
then  d i sca rded  i n t o  a  waste can and u l t i m a t e l y  the  packages 
were inc ine ra t ed .  contaminated c u l t u r e s  were autoclaved a t  
one hundred and twenty-one degrees cen t ig rade  f o r  f i f t e e n  
minutes a t  f i f t e e n  pounds of p ressure .  The c u l t u r e  tubes  
were then washed with  FAB de te rgent  (P roc to r  and Gamble) 
r i n s e d  and d r i ed .  Contaminated cages and ins t ruments  were 
l ~ .  1-1. Spencer and L. S. Pionroe, Color A t l a s  - of I n t e s t i -  
n a l  P a r a s i t e s  (Lea and Feabiger ,  1961), D. 
-
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b o i l e d  i n  wa te r  a t  one hundred deg ree s  c e n t i g r a d e  f o r  twenty  
minu tes ,  d r i e d  and s t o r e d .  Debr is  f rom t h e  cages  was wrapped 
a s  s t a t e d  and  thrown i n t o  t h e  waste can.  The a r e a  of opera -  
t i o n  was t ho rough ly  swabbed down wi th  f i v e  p e r  c e n t  aqueous 
Rocca l  s o l u t i o n ,  
If l e s i o n s  were p r e s e n t  macroscop ica l ly ,  permanent 
t i s s u e  s e c t i o n s  were made by f i x i n g  a s e c t i o n  o f  t h e  i n -  
t e s t i n e  with Zenker l  s f i x a t i v e ,  embedding i n  p a r a f f i n ,  and 
u s i n g  s t a n d a r d  h i s t o l o g i c a l  t e chn ique ,  s t a i n i n g  wi th  Dela- 
f i e l d ' s  hernatoxylin and c o u n t e r s t a i n i n g  w i t h  eosin.'  The 
s e c t i o n s  were t h e n  s t u d i e d  w i t h  a  Spencer  b i n o c u l a r  compound 
microscope w i t h  t h e  t e n  power and f o r t y - f o u r  power o b j e c t i v e s  
and  a  t e n  power o c u l a r .  
One e l e v e n  week o l d  mouse was i n j e c t e d  i n t r a c e c a l l y  
with app rox ima te ly  40 ,030  t r o p h o z o i t e s  of Zntameba h i s t o l y t i c 4  
u s i n g  t h e  procedure  d e s c r i b e d  e a r l i e r ,  t o  d e t e r n i n e  i f  t h e  
amebae were v i a b l e  when i n t roduced  i n t o  t h e  cecum of t h e  
mouse. One hour a f t e r  i n o c u l a t i o n  o f  t h e  amebae, t h e  cecum 
was e x c i s e d  by r enov ing  i t  with f i n e - p o i n t e d  d i s s e c t i n g  
s c i s s o r s  and squeez ing  i t s  c o n t e n t s  onto a  g l a s s  microscope 
s l i d e  c o n t a i n i n g  p h y s i o l o g i c a l  s a l i n e  which had been warned 
t o  t h i r t y  seven  deg ree s  c e n t i g r a d e .  The c o n t e n t s  of t h e  
cecum was comminuted w i th  t h e  hemos ta t i c  forceps and t h e  two 
IP. Grey, 9. G., p .  214-221. 
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wet mount p r e p a r a t i o n s  were examined wi th  a Spencer monocular 
compound microscope using t h e  f o r t y 4 o u r  power o b j e c t i v e ,  
To determine i f  the  amebae could  be recovered a f t e r  
ba ing  i n j e c t e d  i n t o  the cecum, six mice, t h i r t e e n  weeks o l d ,  
were divided i n t o  t h r e e  groups and t r e a t e d  i n  the fol lowing 
manner, The first  group, c o n s i s t i n g  of t h r e e  mice, was in- 
jected with Entmeba  h i s t o l y t i c a ,  c o n t a i n i r g  about 40,000 
t r o p h o z o i t e s  as est l rnated by he-mcytometer, and s a c r i f i c e d .  
The cecum was exc i sed  t e n  minutes l a t e r  wi th  the  d i s s e c t i n g  
s c i s s o r s  and t h e  c o n t e n t s  were squeezed onto a c l e a n  glass 
rnLcroscopa s l i d e  and comminuted wi th  phys io log ica l  s a l i n e  
which had been hea ted  t o  t h i r t y  seven degrees  cen t ig rade .  
The p r e p a r a t i o n  was observed wi th  a Spencer monocular com- 
pound microscope with t he  f o r t y - f o u r  power objective t o  
determine i f  t h e  amebae were presen t  o r  absent .  The second 
group c o n s i s t i n g  of one mouse was t r e a t e d  i n  e x a c t l y  t h e  
same manner and was s a c r i f i c e d  a t  t h e  end of one minute 
fol lowing t h e  inocu la t ion  with the amebae. The t h i r d  group 
c o n s i s t i n g  of two mice was t r e a t e d  a s  above except  t he  mice 
were s a c r i f i c e d  imnediate ly  a f t e r  t h e  inoculum of approxi-  
mately  40,000 t rophozo i t e s  had been i n j e c t e d  i n t o  the cecum. 
The procedures  used with  each group were t h e  same a s  those 
used with  a l l  previous  mice except  f o r  those s p e c i a l l y  
noted above. 
CHAPTER I V  
WSULTS AND INTERPRETATION OF DATA 
The expe r imen t a l  i n f e c t i o n  of a l b i n o  mice w i t h  
Entameba h i s t o l y t i c a ,  N I H  200 R s t r a i n  was no t  accompl ished 
w i t h  the t e chn iques  used i n  this i n v e s t i g a t i o n .  
A summary of t h e  d a t a  f o r  t h e  f i v e ,  seven,  n ine ,  and 
e l e v e n  week o l d  mice i s  p r e s e n t e d  i n  Tab les  11, 111, IV, and 
V r e s p e c t i v e l y  ( s e e  Appendix).  I n  r e f e r e n c e  t o  t h e s e  t a b l e s ,  
i t  can  be  s e e n  t h a t  i n  a l l  g roups  a t  no t ime was it  p o s s i b l e  
t o  r e c o v e r  Entameba h i s t o l y t i c a  f rom any of  t h e  mice. I n  
t h e  f i v e  and  seven week o l d  mice, two c u l t u r e s  o f  Bacto 
Endameba medium were used i n  a n  a t t emp t  t o  recover  t h e  amebae 
and i n  n ine  and e l e v e n  week o l d  mice, two c u l t u r e  examina- 
t i o n s  were supplemented wi th  microscopic  f e c a l  examination.  
The c u l t u r e  examinat ion us ing  Bacto  Endameba medium i n  t h i s  
i n v e s t i g a t i o n  was t h e  same procedure  used by xelson1 f o r  
r e c o v e r i n g  Entamsba h i s t o l y t i c a  from human s t o o l  specimens. 
C u l t u r e  examina t ion  and microscopic  f e c a l  examinat ion were 
c o n s i d e r e d  t o  be s u f ' f i c i e n t  t o  r e cove r  the  amebae from t h e  
mice. A s  w i l l  be shown, t h e  absence of p o s i t i v e  r e s u l t s  was 
p robab ly  due t o  t h e  amebae not  be ing  p r e s e n t  i n  t h e  l a r g e  
i n t e s t i n e  of t h e  mice a t  t h e  time a t t e m p t s  were made t o  
24 
r ecove r  them. I n  r e f e r e n c e  t o  Table I ( s e e  Appendix), it 
can be seen  t h a t  t h e  amebae surv ived  the  passage wi th  l i t t l e  
o r  no r e d u c t i o n  i n  t h e i r  numbers through t h e  d i sposab le  
Hypak s y r i n g e  t o  which a  twenty-s ix  gauge needle was a t t ached .  
This would i n d i c a t e  t h a t  t h e  same number of amebae which were 
counted wi th  t h e  hemacytometer were in t roduced i n t o  t h e  cecae 
of t h e  mice when i n j e c t e d .  A s  noted i n  Table V I ,  it can be 
seen  t h a t  t h e  amebae were demonstrable on ly  when the  cecum 
was e x c i s e d  immediately a f t e r  t h e  anebae were i n j ec t ed .  I n  
s p i t e  of t h e  l i m i t e d  work shown i n  Table V I  ( s e e  Appendix), 
i t  i s  sugges ted  t h a t  some f a c t o r  i s  caus ing  t h e  amebae t o  
l y s e  s h o r t l y  a f t e r  t hey  a r e  in t roduced  i n t o  t he  cecum. The 
p o s s i b i l i t y  of t he  amebae being voided wi th  t h e  f e c e s  a f t e r  
i n j e c t i o n  i n t o  t h e  mice does not seem f e a s i b l e .  Food was 
r e s t r i c t e d  t o  t he  mice f o r  twenty-four hours  p r i o r  t o  t h e  
o p e r a t i o n  and f o r  twenty-four hours pos tope ra t ive ly .  During 
t h i s  time l i t t l e  d e f e c a t i o n  occurred.  I n  t h o s e  mice dying 
soon a f t e r  t h e  ope ra t ion ,  f e c a l  examination was c a r r i e d  ou t  
from f e c e s  taken from an exc ised  p o r t i o n  of t h e  lower colon 
of t h e  mouse. I t  appears  un l ike ly  t h a t  t h e  amebae could 
have been p r e s e n t  i n  t h e  mice dur ing  t h i s  per iod  and not 
have been recovered.  The p o s s i b i l i t y  of t h e  d i l u t i o n  of the  
amebae a f t e r  i n ; e c t i o n  i n t o  t he  cecae of the  n i c e  t o  such an  
e x t e n t  t h a t  i t  would be d i f f i c u l t  t o  recover  them a l s o  appears  
25 
u a l i k e l g .  F o r t y  thousand t rophozo i t e s  of Zntameba h i a t o -  
l y t i c a  were i n j e c t e d  i n t o  t h e  cecae of t h e  mfce. I n  those  
mice, as shown i n  Table VI, i n  which recovery of t h e  amebae 
was a t tempted  soon a f t e r  t h e i r  i n j e c t i o n ,  i t  i s  u n l i k e l y  
t h a t  d i l u t i o n  of t h e  amebae could occur  t o  such a great ex- 
t e n t  i n  t h e  l e n g t h  of t ime  p resc r ibed ,  be fo re  examination, 
such t h a t  t h e  amebae could  not  be recovered. A f a c t o r  o t h e r  
t han  l y s i s  of the amebae m i g h t  be a metabol ic  f a c t o r  o r  
osmotic "shockH due t o  the t r a n s f e r  of t h e  amebae from the 
Sac t o  Endameba c u l t u r e s  d i r e c t l y  i n t o  the  c e c a l  environment. 
1 Kessel was a b l e  t o  i n f e c t  one mouse by feeding Entameba 
d y s e n t a r i a e  cysts  o r a l l y .  It is poss ib l e  t h e  amebae had 
time t o  acc l ima te  t o  t h e  i n t e s t i n a l  environment before  o r  
dur ing  exc y s t a t i o n .  I n  t h i s  i n v e s t i g a t i o n ,  however, the 
t r o p h o z o i t e s  of Entameba h i s t o l y t i c a  were d i r e c t l y  i n j e c t e d  
i n t o  the  cecae of t h e  mice. It appears  t h a t  l y s i s  of the 
amebae i s  a l s o  a p o s s i b i l i t y  due t o  the s e c r e t i o n  of t h e  
l a r g e  number of c e c a l  microorganisms present  o r  to  a secre-  
t i o n  of  t h e  i n t e s t i n a l  mucosa. 
I n  those  mice dying from a n  involvement of t he  duo- 
denum, duodenum and cecum o r  f o r  which the cause or dea th  
was unknown, symptoms were of a c h a r a c t e r i s t i c  p a t t e r n .  
Typ ica l ly ,  t h e  mice would become l i s t l e s s  and refuse t o  e a t .  
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A s  symptoms progressed  t h e  back of t h e  anlmal  would become 
arched  and t h e  head would be h e l d  low t o  t h e  bottom of t h e  
cage. Even tua l ly  t h e  mice would be unable t o  walk. No 
d i a r r h e a  o r  dysentary  were no t i ced  i n  any of t h e  mice, 
A s  noted i n  Tables  I1 and IV ( s e e  Appendfx), i t  can 
be seen  t h a t  i n  t h e  f i v e  and n ine  week o l d  mice, few had t o  
be s a c r i f i c e d  a t  t h e  t e rmina t ion  of t h e  experiment, I n  t h e  
n ine  week o l d  group t h i s  was due t o  two f a c t o r s :  t h e  high 
inc idence  of mice i n  t h e  exper imental  group dying from in -  
volvement of t h e  duodenum ( t h i r t y  pe r  c e n t )  and t h e  l a r g e  
number of dea ths  t o  which no cause could  be a t t r i b u t e d  
( t h i r t y  p e r  c e n t ) .  I n  the  f i v e  week o l d  group t h e  main cause 
of d e a t h  involved both  the cecum and t h e  duodenum ( f i f t y  per  
c e n t ) .  Th i s  d i d  no t  appear i n  any of t he  o t h e r  groups. A s  
can  be seen i n  Tables 11, 111, I V ,  and V, t h e  ma jo r i ty  o f  
t h e  mice l i v e d  f o r  f i v e  days before  they  were s a c r i f i c e d .  
It i s  from the  group f o r  which the cause of dea th  was un- 
known t h a t  most of t h e  microscopic permanent t i s s u e  s e c t i o n s  
were prepared.  This  i s  t h e  on ly  group of  mice which could 
have d i e d  from the  presence of t h e  amebae. The incidence of 
involvement of t h e  duodenum only  was twenty t o  t h i r t y  per  
c e n t  i n  a l l  groups.  It is  be l ieved ,  t h e r e f o r e ,  t h a t  i n  those  
mice dying from an involvement of t h e  duodenum, and the  duo- 
denum and cecum, t h a t  p o s s i b l y  this may have been a r e s u l t  
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of b a c t e r i a l  i nvas ion  of t h e s e  a r e a s  dur ing  t h e  o p e r a t i v e  
procedure.  Permanent t i s s u e  s e c t i o n s  were made from one 
mouse showing t h i s  c o n d i t i o n  t o  determine i f  t h e  amebae 
were p r e s e n t  i n  t h e s e  a r e a s  of t h e  i n t e s t i n e .  
Macroscopical ly ,  involvement of t h e  duodenum and cecum 
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showed a  yellow t o  green  d i s c o l o r a t i o n  of t h e  t i s s u e .  If t h e  
above c o n d i t i o n  was i n  an  advanced s t a g e ,  t h e  t i s s u e  w u l d  
assume a j e l l y - l i k e  cons is tency  and e v e n t u a l l y  t h e  duodenal 
a r e a  could  not be d i s t i n g u i s h e d .  
Plicroscopic examination of the  duodenum showed t h a t  
no amebae were p re sen t  i n  t h e  t i s s u e .  Figures  I and I1 show 
a normal s e c t i o n  of duodenum from a nine week o l d  mouse. 
F igures  I11 and I V  show a d i seased  s e c t i o n  of duodenum from 
a nine week o l d  experimental  mouse. It can be seen i n  
F igu res  I11 and I V  t h a t  t h e r e  i s  gene ra l  degenera t ion  of t h e  
v i l l i  with complete d e t e r i o r a t i o n  and s loughing o f f  of the 
mucosal c e l l s  i n t o  the  lumen of t h e  duodenum. The subnucosa 
shows no v e s s e l s  o r  connect ive  t i s s u e  c e l l s  c h a r a c t e r i s t i c  
of t h e  normal t i s s u e .  General  nec ros i s  may extend t o  the  
i n n e r  l a y e r  of' c i r c u l a r  muscles. There a r e  no c r a t e r - l i k e  
l e s i o n s  o r  amebae demonstrable. I n  Tables 11, 111, IV, and 
IT, those  mice c l a s s i f i e d  a s  having l e s i o n s  macroscopically,  
were not found t o  have l e s i o n s .  The white flecks noted b y  
t h e  dissect in^ scope were found microscopica l ly  t o  be lym-  
p h a t i c  t i s s u e  along t he  l a r g e  i n t e s t i n e .  
Figure  1. D e l a f i e l d ' s  Hematoxylin and 
Eosin  c o u n t e r s t a i n e d  t i s s u e  s e c t i o n s  of duodenum 
of n ine  week o l d  c o n t r o l  mouse ( l o x ) .  
Figure 2. Sec t ion  of F igu re  1 (44x1. 
Figure  3. D e l a f i e l d l s  Hematoxylin and 
Eos in  c o u n t e r s t a i n e d  t i s s u e  s e c t i o n s  of duodenum 
of nine  week old exper imental  mouse ( l o x ) ,  
Figure 4. S e c t i o n  of Figure 3 (44~)~ 
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From Tables 11, 111, I V ,  and V,  i t  i s  apparent  t h a t  
those  mice which were s a c r i f i c e d ,  were done a t  t h e  end of 
t h e  f i v e  days a f t e r  t h e  i n o c u l a t i o n  of t h e  mice with  t h e  
amebae, Those mice f o r  which t h e  cause of t h e i r  dea th  was 
unknown l i v e d  f o r  a maximum of two days. Those mice showing 
involvement of t h e  duodenum l i v e d  f o r  a maximum of one day 
i n  t h e  seven, nine,  and eleven week o ld  groups. I n  the  f i v e  
week o l d  group, t h e  mice l i v e d  f o r  t h r e e  days. Those mice 
showing involvement of t h e  cecum a s  wel l  a s  t h e  duodenum 
l i v e d  f o r  a maximum of two days. A s  can  be seen  t h e r e  i s  a 
c o n s i s t e n t  p a t t e r n  between the  number of days t h e  mice s u r -  
v ived and the  dea th  of t h e  mice, 
From t h e  r e s u l t s  obtained i n  t h i s  i n v e s t i g a t i o n ,  it 
appears  t h e  l a b o r a t o r y  mouse i s  r e f r a c t o r y  t o  invas ion  of 
Entameba h i s t o l y t i c a  wi th  t h e  procedures used i n  t h i s  s tudy.  
Other techniques  such as the  use of c y s t s ,  o t h e r  s t r a i n s  of 
Zntameba h i s t o l y t i c a ,  o t h e r  s t r a i n s  o f  mice, modi f ica t ions  
of the  d i e t ,  and the  use of s t e r i l e  animals may r e v e a l  more 
f avorab le  r e s u l t s .  
CHAPTER V 
Immunological, c u l t u r a l ,  and microscopic  t e chn iques  
have been used as a means of d i a g n o s i s  f o r  amebias i s .  
I n  t h i s  i n v e s t i g a t i o n ,  an exper imenta l  i n f e c t i o n  of  
the l a b o r a t o r y  mouse was a t t emp ted  u s ing  Entarneba h i s t o l y t i c a ,  
NIB 200 R s t r a i n .  Approximately 40,000 t r o p h o z o i t e s  as  
e s t i m a t e d  b y  hemacytometer were i n j e c t e d  i n t r a c e c a l l y  i n t o  
the mice. I n  f i v e  and seven week o l d  mice, a t t e m p t s  t o  r e -  
cove r  the amebae were made by i n o c u l a t i n g  s t e r i l e  Bacto 
Endameba c u l t u r e s  c o n s i s t i n g  of a ho r se  serum s a l i n e  o v e r l a y  
and  a  p inch  of  r i c e  powder, w i t h a  one c e n t i m e t e r  s e c t i o n  
from t h e  cecum and colon.  The same procedure  was c a r r i e d  
o u t  i n  t h e  n ine  and e leven  week o l d  mice excep t  n i c r o s c o p i c  
f e c a l  examina t ion  was a l s o  made. Permanent t i s s u e  s e c t i o n s  
s t a i n e d  w i th  D e l a f i e l d t s  hernatoxylin and c o u n t e r s t a i n e d  with 
e o s i n  were made of t h e  co lon ,  cecum, and duodenum of s even  of 
t h o s e  an imals  which were c l a s s i f i e d  a s  p o s i t i v e  f o r  l e s i o n s .  
Zrom t h e  r e s u l t s  of t n i s  s t u d y  it i s  sugges ted  t h a t  
t h e  a l b i n o  mouse i s  not  s u s c e p t a b l e  t o  Zntameba h i s t o l g t i c a ,  
N I H  200 R s t r a i n ,  wi th  t h e  t e chn iques  used i n  this i n v e s t i -  
g a t i o n .  Eoth  c u l t u r a l  and microscopic  f e c a l  examinat ion 
gave n e g a t i v e  r e s u l t s  i n  a l l  groups.  Attempts t o  demonst ra te  
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t h e  amebae i n  the mice by preparing permanent t i s s u e  s e c t i o n  
gave negative r e s u l t s .  It i s  suggested t h a t  the  amebae may 
be lysed  a f t e r  being i n j e c t e d  i n t o  the  cecum of the  mice. 
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APPEND M. 
TABLE I 
COf*lPARISON OF HEMACYTOHETER ESTIMATES OF THE NUMBER OF 
TROPHOZOITES O F  ENTAIvlEBA HISTOLYTICA BEFOFG AND AFTER 
TRANSFER THROUGH A FIVE CTJBIC CENTIMETER SYRINGE 
AND A TWENTY SIX GUAGE HYPODERMIC XEEDLE 
C u l t u r e  Number B e f o r e  Transfer  
A f t e r  
T r a n s f e r  
TABLE I1 
SUMPWRY OF DATA OF FIVE WEZX OLD MICE INOCULATED 
WITH ENTAMEBA HISTOLYTICA 
Animal Presence Presence of Ameba Nicroscopic Number of Reason 
Group Number -cul ture  Cul ture  Cul ture  Examination Fec l  Days Mice f o r  
Lesions I I1 I11 Survived Death 
1 
2 
4' 
Experi-  5 
mental 6 
7 
8 
9 
10  
5 s a c r i f  i ced  
5 s a c r i f i c e d  
3 duodenum involv. 
2 duodenum involv.  
2 s a c r i f i c e d  
2 duodenum-cecum 
1 duodenum-cec um 
1 duodenum-cecum 
1 duodenum-cecum 
1 duodenum-cecum 
11 - - - - - - - - - -  5 s a c r i f i c e d  
Contro l  1 2  - - - - - - - - - -  5 s a c r i f i c e d  
13 - - - - - - - - - -  1 opera t ion  
NOTE: Cul ture  I r e f e r s  t o  c u l t i v a t i o n  of one f e c a l  p e l l e t  i n  Bacto Endameba 
medium p r i o r  t o  inocu la t ion  of the  mice with E. h i s t o l y t i c a .  Culture  I1 r e f e r s  
t o  inocu la t ion  of t h e  c u l t u r e  wi th  a s e c t i o n  zf cecum and Culture  I11 r e f e r s  t o  
inocu la t ion  of c u l t u r e s  with a s e c t i o n  of lower colon. 
SWQVIARY OF DATA OF SEVEN W E E K  OLD MICE INOCULATED 
WITH EEJTAFIEBA HISTOLYTICA 
Animal  Presence Presence of  Ameba Microscopic Number of Reason 
Group Number of - F e c a l  C u l t u r e  C u l t u r e  C u l t u r e  Examination Days Mice 
f o r  
Lesions  
I I1 I11 Surv ived  Death 
1 
2 
i: 
Experi -  5 
menta l  6 
7 
8 
9 
10 
11 
Cont ro l  1 2  
1 3  
- 
5 s a c r i f i c e d  
5 s a c r i f i c e d  
5 s a c r i f i c e d  
5 s a c r i f i c e d  
5 s a c r i f i c e d  
5 s a c r i f i c e d  
0 unknown 
1 duodenum involv .  
1 s a c r i f i c e d  
1 duodenum involv .  
- - - - - - - - - -  o p e r a t i o n  
- - - - - - - - - -  s a c r i f i c e d  
- - - - - - - - - -  5 s a c r i f i c e d  
NOTE: C u l t u r e  I r e f e r s  t o  c u l t i v a t i o n  of one f e c a l  p e l l e t  i n  Bacto Endameba 
medium p r i o r  t o  i n o c u l a t i o n  of the  mice w i t h  E. h i s t o l y t i c a .  Cu l tu re  I1 r e f e r s  
t o  i n o c u l a t i o n  of the c u l t u r e s  with a s e c t i o n o f  cecum and Cu l tu re  I11 r e f e r s  t o  
i n o c u l a t i o n  of c u l t u r e a  wi th  a s e c t i o n  o f  lower colon.  
TABLE Iv 
STls.S.XRY OF DATA O F  NINE WEXK OLE MICE INOCULATED 
WITH ENTNWA HISTOLYTICA 
Animal Presence Presence of Ameba Microscopic Nuinber of  Reason 
Group idumber Of C u l t u r e  C u l t u r e  C u l t u r e  Fecal Days E.Iice f o r  Les ions  I I1 I11 Examination Survived Death 
1 
2 
4' 
Experi -  5 
mental  6 
7 
8 
9 
1 0  
11 
Con t ro l  1 2  
13 
5 sacr i f i ced  
5 sacrif iced 
S s a c ~ i f  iced 
5 sac~l f" ieed  
2 unknown 
2 unknown 
2 unknown 
1 duofiaaum i r a w s l w ,  
2 dusCslnum Invalv. 
L. duodenum inwalle, 
ITOTE: Cu l tu re  I r e f e r s  t o  cultivation of sna faoak p t f l l h t  In ?Msbal Enda,malBr& 
medlllrn p r i o r  t o  i n o c u l a t i o n  of t h e  mice with bq h$at;aX r t$s8,  C u k t u ~ s  TI ~ a f ' a p %  
-+ t o  inoculation o f  t h e  c u l t u r e s  wi th  a s~crt;$qn~aj? crinourrt nrrt CuZ$urs TI1 pefsra to 
i n o c u l a t i o n  of c u l t u r e s  wi th  a s e c t i o n  af' Anwar anLon* 
TABLE: V 
S ~ G U R Y  OF DATA OF ELEVEN WEEK OW MICE INOCULATED 
WITH ENTAMEBA HISTOLYTICA 
Presence Presence of Ameba Animal Ifiicroscopic Number of Reason 
of iiumber Le C u l t u r e  C u l t u r e  Cu l tu re  Feca l  Days liic e for 
I I1 I11 Examinat i o n  Surv ived  Death 
1 
2 
4' 
Expe r i -  5 
mental  6 
7 
8 
9 
10 
11 
Cont ro l  1 2  
13 
unknown 
duodenum involv.  
duodenum involv. 
s a c r i f i c e d  
o p e r a t i o n  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
s a c r i f i c e d  
NOTE: Cu l tu re  I r e f e r s  t o  c u l t i v a t i o n  of one f e c a l  pellet i n  Bacto Endamsba 
medium p r i o r  t o  i n o c u l a t i o n  o f  t h e  mice wi th  &. h i s t o l g t i c a .  Culture II r e f e r s  
t o  i n o c u l a t i o n  of t he  c u l t u r e  wi th  a s e c t i o n  ;;f cecum and C u l t u r e  111 refars to 
i n o c u l a t i o n  of c u l t u r e s  wi th  a s e c t i o n  of  lower  colon.  
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TABLE VI 
RECOVERY OF ENTAMEBA HISTOLYTICA AFTER I N J Z C T L O M  OF 
40,000 TBOPHOZOITES I N T O  THE CECml OF MICE 
Time A f t e r  I n o c u l a t i o n  
Before Attempts t o  I l i c ro  sc opic  Animal Number Recover t h e  Ameba Examination 
in Minutes 
